INTRODUCTION
The design of highly efficient and selective photocatalytic systems that work with no loss of energy for applications in reducing global atmospheric pollution andfor degradation of various toxic compounds in aqueous solutions is of special interest and one of the most desirable and vital goals in environmental-friendly-catalyst research [l] . Although the utilization of the extremely small semiconductors particles as photocatalysts has attracted a great deal of attention especially for environmental applications [2, 3] . Especially, the TiO2 photocatalysts are known as the semiconductors which have high stabilities and highly photocatalytic activities. The catalytic effectiveness of small semiconductors can vary greatly with the physical properties of the samples [4, 5] . In addition, in practical applications, the separation of the Ti02 particles from the contaminated solution constitutes a major difficulty. The design of active photocatalysts anchored on or inside transparent supports or embedded onto transparent materials is greatly desired [6-91. In this study, liquid-phase photocatalytic oxidation of l-octanol by titanium oxide anchored on porous Vycor glass was compared with that obtained on small particle Ti02 powders. In addition, we deal with the preparatiop and characterization of the highly dispersed titanium oxide species which were implanted onto Vycor glass and the successful utilization of these catalysts for the photocatalytic degradation of 2-propanol diluted in water.
EXPERIMENTAL
The Ti02 catalyst was supplied by the Catalysis Society of Japan as a standard reference catalyst (JRC-TIO-4 : surface area = 50 m21g, band gap = 3.50 eV, purity > 99.5 %). Titanium oxide anchored onto Vycor glass (an.Ti/VG) was prepared by reaction of T i c 4 with the surface OH groups of a transparent porous Vycor glass (Coming code 7930. BET surface area 150 m2g-1) in the gas phase at 473 K, followed by treatment with H20 vapor to hydrolyze the anchored compounds. The anchoring procedures were repeated three to five times to increase the number of surface layers of the anchored titanium oxide on the Vycor glass (an.TiG-3 and an.Ti/VG-5). The titanium contents of the anchored catalysts were an.TilVG-l: 0.17, an.Ti/VG-3: 0.94 and an.TiG-5: 1.6 wt% as Ti contents, respectively. Titanium oxide catalysts implanted onto Vycor glass (im.Ti/VG) with different Ti contents (4. 3~10-7, 8.7x10-~, 17 .3~10'7 mol/cat.g) were prepared by the metal ion-implantation method (acceleration voltage: 100 keV). The catalysts were treated with 0 2 at 723K before use.
XAFS spectra (XANES and EXAFS) were obtained at the BL-7C facility of the Photon Factory at the National Laboratory for High-Energy Physics, Tsukuba. Si(1 l l) double crystals were used to monochromatize the X-rays from the 2.5 GeV electron storage ring. The Ti K-edge absorption spectra were recorded in the fluorescence mode for the anchored catalysts and in transmission mode for the Ti02 powder at 295 K. Fourier transforniation were performed on k3-weighted EXAFS oscillations in the range of 3-10 A-l.
The photocatalytic oxidation of l-octanol was carried out using the catalysts (JRC-TIO-4: 25 mg, an.Ti/VG: 50 mg) in the l-octanol(0.5 mmol)-acetonitrile (25 ml) solution at 300 K. 0 2 was bubbled and catalyst underwent UV irradiation at around 300 nm. The im.Ti/VG catalyst (150 mg) in the aqueous solution of 2-propanol(2.6~10-3 molb) was irradiated (h > 280 nm) at 300 K using UV-Light under bubbling of 0 2 in the system. The products were analyzed by the gas chromatography.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1997265 C2-884 JOURNAL DE PHYSIQUE IV 3. RESULTS AND DISCUSSION 3.1 Titanium oxide anchored on Vycor glass UV-irradiation of several TitVG catalysts suspended in oxygenated acetonitrile led to the photocatalytic oxidation of 1-octanol to l-octanal. No products were detected in the dark under the same reaction conditions. The photocatalytic oxidation of l-octanol on highly dispersed titanium oxide catalysts anchored onto transparent Vycor glass was compared with that obtained on the Ti02 powder. Figure 1 shows the time profile for the conversion of l-octanol under UV-irradiation at around 300 nm. Among these an.Ti/VG catalysts, an.TiNG-l exhibits the highest photocatalytic activity, although a n . T i G -l has the lowest Ti02 content. Among an.TiNG catalysts, the photocatalytic activity of the m.Ti/VG-l catalyst is much higher than that of an.Ti/VG-3 or an.Ti/VG-5. Increasing the number of Ti-0 layers of the an.Ti/VG catalysts caused the photocatalytic activity of the titanium oxide species (per unit weight of Ti) to decrease remarkably.
Upon the excitation of the an.Ti/VG-5 catalyst with the UV-light at around 280 nin these anchored catalysts exhibited an intense photoluminescence at around 490 nm. As reported in previous papers [6-91, the absorption of light brings about an electron transfer from the lattice oxygen to the surface-accessible titanium ion, resulting in the formation of a trapped hole ( 0~-) and a trapped electron (~i~+ ) .
On the other hand, the photoluminescence intensities of the an.TiG-3 and an.TiG-5 catalysts were very weak. Such behavior indicates that highly dispersed isolated titanium oxide species exist only on an.Ti/VG-l, whereas they exist as aggregates on an.Ti/VG-3 and an.Ti/VG-5. Figure 2 shows the XANES and FT-EXAFS spectra of the an.Ti/VG catalysts. Although the bulk Ti02 exhibits three small pre-edge peaks in its XANES spectrum, the an.Ti/VG-l catalyst exhibits only a single and intense pre-edge peak similar to that of tetrahedrally coordinated titanium tetra-i-propoxide. This observation indicates the presence of tetrahedrally coordinated titanium oxide species on the surface of the an.Ti/VG-l catalyst. The FT-EXAFS spectra of the an.Ti/VG-l ( Fig.  2-a' ) exhibit only Ti-0 peaks, indicating the presence of an isolated titanium oxide species. With an.Ti/VG-3 and an.Ti/VG-5 catalysts, the pre-edge peak becomes weaker in the XANES spectra and other peaks attributed to neighboring titanium atoms (Ti-0-Ti) appeared in the ET-EXAFS spectra. These results indicate that highly dispersed isolated tetrahedral titanium oxide clusters were anchored on the Vycor glass and that an increase in the number of Ti-0 layers led to aggregation of the isolated titanium species. The isolated titanium oxide species on the an.TiNG-l are responsible for its high photocatalytic activity both in the present liquid-phase oxidation of l-octanol and in previously described gas-phase reactions 16-91. We consider that the charge transfer excited state of isolated titanium oxide in a tetrahedral coordination complex, (T'i3+-0-)*, play a significant role for the liquid-phase photocatalytic reaction. The Ti K-edge XANES spectra (left) and FTl-octanol over titanium oxide anchored on Vycor glass under EXAFS spectra (right) of an.TiiG-l (a, a'), an.TiNG-3 (b. b'), irradiation at around 300 nm.
and an.TiNG-5 (c, c') catalysts.
2 Titanium oxide implanted on Vycor glass
The photocatalytic degradation of 2-propanol diluted in water to form 2-propanal and CO2 was investigated on the titanium oxide catalysts dispersed onto VG prepared by an ion-implantation method (im.Ti/VG). As shown in Fig. 3 , the specific photocatalytic activities of these im.Ti/VG photocatalysts are found to be much higher than that of small particles of Ti02 powders. The specific photocatalytic activity of the im.Ti/VG photocatalysts is remarkably enhanced in the regions of lower Ti contents. Figure. 4 shows the Ti K-edge XAFS spectra of these im.TiNG photocatalysts. These catalysts exhibit a single and intense preedge peak in the XANES spectra, indicating that the TiNG catalysts with the lower Ti contents include the titanium oxide species in a tetrahedral coordination. The FT-EXAFS spectrum of the im.Ti/VG catalyst of lowest Ti contents exhibits only a Ti-0 peak, indicating the presence of an isolated titanium oxide species. With increasing the Ti contents in the im.Ti/VG catalysts, the pre-edge peak becomes weaker in the XANES spectra and other peaks attributed to neighboring titanium atoms (Ti-0-Ti) appear in the FT-EXAFS spectra. Furthermore, titanium oxide catalysts dispersed onto VG prepared by the ion-implantation method ( i m . T i G ) exhibited large blue shifts in the UV absorption band, its extent depending on the Ti contents. These blue shifts are associated with the presence of the high dispersion of titanium oxide species in the im.TiNG in good agreement with the results shown in the XAFS spectra.
These results indicate that the im.Ti/VG photocatalysts are effective photocatalysts for the liquid-phase reactions and the application of the metal ion-implantation method is useful and promising for the preparation of the highly active glass-like photocatalysts.
TiO? powder a 
CONCLUSION
Anchoring and ion-implantation are attractive methods for preparing highly active titanium oxide catalysts highly dispersed on the transparent support such as porous Vycor glass. The titanium oxide species exist in a tetrahedral coordinate in these catalysts and their charge transfer excited state, (Ti3+-0-)*, plays a significant role as a key active species in liquidphase photocatalytic reactions. These photocatalysts are effective for the separation of the photocatalysts from the contaminated solution and are suitable for the practical utilization of photocatalysts.
